To determine the expression of components in Toll-like receptors (TLRs)/Nod-like receptors (NLRs)/ infiammasome/caspase-llinterleukin (IL-l)-P pathway, we examined the expression profiles of those genes by analyzing the data from expression sequence tag cDNA cloning and sequencing. We made several important findings: firstly, among 11 tissues examined, vascular tissues and heart express fewer types of TLRs and NLRs than immune and defense tissues including blood, lymph nodes, thymus and trachea; secondly, brain, lymph nodes and thymus do not express proinflammatory cytokines IL-IP and IL-18 constitutively, suggesting that these two cytokines need to be up regulated in the tissues; and thirdly, based on the expression data of three characterized inflammasomes (NALPl, NALP3 and IPAF inflammasome), the examined tissues can be classified into three tiers: the first tier tissues including brain, placenta, blood and thymus express inflammasome(s) in constitutive status; the second tier tissues have inflammasome(s) in nearly-ready expression status (with the requirement of upregulation of one component); the third tier tissues, like heart and bone marrow, require upregulation of at least two components in order to assemble functional inflammasomes. Our original model of three-tier expression of inflammasomes would suggest a new concept oftissue inflammation privilege, and provides an insight to the differences among tissues in initiating acute inflammation in response to stimuli.
To determine the expression of components in Toll-like receptors (TLRs)/Nod-like receptors (NLRs)/ infiammasome/caspase-llinterleukin (IL-l)-P pathway, we examined the expression profiles of those genes by analyzing the data from expression sequence tag cDNA cloning and sequencing. We made several important findings: firstly, among 11 tissues examined, vascular tissues and heart express fewer types of TLRs and NLRs than immune and defense tissues including blood, lymph nodes, thymus and trachea; secondly, brain, lymph nodes and thymus do not express proinflammatory cytokines IL-IP and IL-18 constitutively, suggesting that these two cytokines need to be up regulated in the tissues; and thirdly, based on the expression data of three characterized inflammasomes (NALPl, NALP3 and IPAF inflammasome), the examined tissues can be classified into three tiers: the first tier tissues including brain, placenta, blood and thymus express inflammasome(s) in constitutive status; the second tier tissues have inflammasome(s) in nearly-ready expression status (with the requirement of upregulation of one component); the third tier tissues, like heart and bone marrow, require upregulation of at least two components in order to assemble functional inflammasomes. Our original model of three-tier expression of inflammasomes would suggest a new concept oftissue inflammation privilege, and provides an insight to the differences among tissues in initiating acute inflammation in response to stimuli.
Chronic systemic vascular inflammation is an essential requirement for the progression of atherosclerotic pathogenesis in patients (1) . However, detailed mechanisms underlying initiation of atherogenic inflammation remain poorly defined. "Traditional" risk factors of atherosclerosis include hyperlipidemia, high density lipoprotein, cigarette smoking, diabetes, hypertension and obesity (2) . Recent reports from Wang's laboratory, among other teams, confirmed that hyperhomocysteinemia also acts as an independent factor in accelerating atherosclerosis, etc. (3) (4) (5) (6) (7) . In addition, our laboratory showed that similar to the suppression of autoimmune diseases and anti-tumor immune response by CD4+CD25 highpoxp3+ regulatory T cells (Tregs) (8) (9) , innate immune response-dominant vascular inflammation is also suppressed by Tregs (10) (11) . Epidemiological studies suggest that infected bacteria-derived endotoxinemia at levels as low as 50 pg/ml constitutes a strong risk factor for the development of atherosclerosis (12) . However, an essential question that remains to be addressed is how vascular cells sense infection and metabolic stress and initiate vascular cell inflammation (11, 13) . Continuous improvement of our understanding on atherogenic vascular inflammation will lead to the development of novel therapeutics for this disease and other inflammatory diseases.
Toll-like receptors (TLRs) belong to the pathogen-associated molecular pattern (PAMPs) receptor families (PAMP-Rs) and are initiators of inflammation driven by exogenous PAMPs and endogenous sterile tissue insults. TLRmediated responses cause pathology. For example, pro-atherogenic TLR2 responses to unknown endogenous or unknown endemic exogenous agonists are mediated by non-bone marrow derived cells including vascular cells (13) . The depletion of TLR2 in low density lipoprotein receptor deficient (LDLR-/-) mice, an atherosclerotic mouse model, led to a significant reduction (50%) of lesion size in both the aortic sinus and the aorta of mice fed with hypercholesterolemic diet (14) . Similarly, the depletion of TLR4 in apolipoprotein E deficient (ApoE-/-) mice, another atherosclerosis mouse model, results in significant reduction in atherosclerotic lesion size and macrophages in lesion (IS). These results suggest that TLRs may initiate inflammatory signals by recognizing atherogenic metabolic risk factors presented in these atherogenic models. In addition to binding to TLRs, some PAMPs are also recognized by a family of cytosolic nucleotide binding and oligomerization domain (NOD)-like receptors (NLRs) (16) , another group of PAMP-Rs. Some NLRs are involved in the recognition of microbial molecules and/or endogenous factors released from tissue destruction. This recognition can lead to activation of caspase-I (a proinflammatory caspase), and subsequent proteolytic conversion of potent proinflammatory cytokines interleukin-I P(lL-I P) and IL-18 from their precursors pro-IL-I P and pro-IL-18, respectively. The proteolytic conversion of IL-I P and IL-18 is mediated by a cytosolic caspase l-activating protein complex, termed as inflammasome (17) .
Due to the functional significance ofPAMP-Rs in bridging pro-atherogenic risk factors to the initiation of vascular inflammation, the tissue expressions and their regulatory mechanisms of PAMP-Rs become very important. As an aspect .> of the regulation of TLR function, the expression ofTLRs is upregulated in response to peptidoglycan and lipopolysaccharide (LPS) pnmmg, suggesting that the expression of TLRs is under regulation of their responses to stimuli via poorly defined mechanisms (18) . However, the expression profiles of these newly identified TLRs, NLRs, inflammasome components, caspases, and IL-I Pin vascular tissues have not been examined thoroughly. In this study, we examined the hypothesis that these PAMP-Rs and inflammation signal sensing molecules have differential expression patterns in vascular and other tissues. Our results indicate the functional differences of PAMP-Rs in sensing PAMPs in the tissues and the differences in assembling inflammasomes.
MATERIALS AND METHODS

Tissue expression profiles of genes encoding PAMP-Rs, irflammasome components, proinflammatory caspases and proinflammatory cytokines
An experimental data mining strategy was adopted to analyze the expression profiles of mRNA transcripts of TLRs, NLRs, inflammasome components, inflammatory caspases, proinflammatory cytokines IL-I f) and IL-18 in vasculature-related tissues by mining human expression sequence tag (EST) database ( Fig. I) (19) , which resulted from cDNA cloning from various tissue cDNA libraries and DNA sequencing followed by sequence analyses and deposited in the National Institutes of Health (NIH)/National Center of Biotechnology Information (NCBI) Unigene (http://www.ncbi.nlm.nih.gov/sites/ entrez?db=unigene) (20) . The arbitrary units of the gene expression were calculated by normalizing the transcripts per million of gene of interest with that of housekeeping gene f)-actin in any given tissue. The confidential intervals of the expression variation of house-keeping genes were generated by calculating the mean and 2 times the standard deviation of the arbitrary units of three randomly selected housekeeping genes normalized by f)actin in given tissues (legend of Fig. 2 ). If the expression variation of a given gene in various tissues was larger than the upper limit of the confidential intervals (the mean plus 2 times the standard deviations) of the housekeeping genes, the high expression levels of genes in the tissues were statistically significant. Any given gene transcript, if lower than one per million, was technically presented as no expression.
Expression profile of genes in response to stimulus with proirflammatory cytokine
To examine gene expression data set in response to stimulation with inflammatory cytokine, we analyzed the data set in the Nt.Bl/Gene expression omnibus (GEO) data sets [(GDS) accession numbers: GDS 1542 and GDS1543]. The data were collected in analyzing human umbilical vein endothelial cells (HUVEC) stimulated with tumor necrosis factor-alpha (TNF-a) for five hours (21) .
RESULTS
PAMP-Rs are differentially expressed in tissues
To determine the expression of PAMP-Rs' gene transcripts in human tissues, we adopted a database mining method. The copy number per million transcripts was calculated based on the experimental data of~xpression~equence lag (EST) cDNA cloning and sequencing that were deposited in the NCBI UniGene database. In addition, since the gene expression data were normalized by the same p-actin expression data, the arbitrary units of gene expression ( Fig. 2A , left Y-axis) were comparable among genes.
We first examined the expression of 10 human TLR gene transcripts in 11 tissues: blood, bone marrow, vascular, heart, brain, lymph nodes, pancreas, placenta, spleen, thymus and trachea (this order of tissues was applied in the X-axis of all the gene expression sub-figures in Fig. 2 ). In Fig. 2B , the expression levels ofTLRl, TLR3, TLR4, TLR9, and TLRIO (> 0.09 arbitrary units, the left axis) were higher than those of other TLRs in the tissues examined. The expression levels of TLRs in tissues were different (p<0.05), in the scale as much as 25fold (TLR4 in thymus). As shown in Table I , tissues had different TLR expression. Lymphoid system, lymph nodes, spleen and thymus, peripheral blood, trachea, placenta, and brain expressed more types of TLRs than those of internal tissues including vascular system, bone marrow and heart, suggesting the sensing function ofTLRs in these defense tissues for exogenous and endogenous PAMPs. These results correlate with a previous report that endothelial cells of normal artery constitutively express low levels of at least nine TLRs (22) . The correlation of the results obtained by experimental data mining here with previous report suggests that the results from this data mining analysis are informative of the gene expression.
We also determined the expression of 18 NLR gene transcripts in the tissues. In Fig. 2C , the expression levels of NOD4, NALPl, NALP2 (>0.09 
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Calculating the upper limit of confidential intervals of normalized expression levels of additional house-keeping genes Results 1.Tissue expression profiles of genes 2. Expression levels with statistical significance 3. Tissues with preferentially expressed genes arbitrary units), were higher than those of other NLRs in the tissues examined. The expression levels ofNLRs in tissues were different (p<0.05) in the scale as much as l5-fold (NOD3, NALPI and NALP2). Lymph nodes and trachea were found to have the highest expression levels ofNALPl, which correlates well with the report of Kummer et al. (23) . Bone marrow and thymus had the highest expression levels of NALP3, which suggests the potential roles of NALP3 in triggering innate immune responses in guarding important adaptive immunity developing organs if other components of NALP3 . inflammasome are available. As shown in Table II, tissues had different NLR expression. Similar to the expression of TLRs, lymphoid system, lymph nodes, spleen and thymus, peripheral blood, trachea, when they were larger than 2.62-fold, were defined as the high expression levels with statistical significance (the right Yaxis). B) The expression profiles ofTLRs. The X-axis indicates the eleven tissues including vascular tissue, blood, heart, trachea and immune system tissues with the order the same as that shown in Fig. 2A . C) The expression profiles ofNLRs. The X-axis indicates the eleven tissues including vascular tissue, blood, heart, trachea and immune system tissues with the order the same as that shown in Fig. 2A . D) The expression profiles ofother inftammasome components. The X-axis indicates the eleven tissues including vascular tissue, blood, heart, trachea and immune system tissues with the order the same as that shown in Fig. 2A. E) The expression profiles ofproinflammatory caspases. The X-axis indicates the eleven tissues including vascular tissue, blood, heart, trachea and immune system tissues with the order the same as that shown in Fig. 2A innate immune responses. We then determined the expression of four inflammatory caspases (caspase-I, caspa se-4, caspase-5, and caspase-12) ( Fig. 2E) (24) , three caspase-I cleavable inflammatory cytokines (lL-113, IL-18 , and IL-33) ( Fig. 2F ), inflammasome compon ents (PYCARO (ASC) and cardinal , and an inflammasome regulator COP I) ( Fig. 20) . In Fig.  2E , the expres sion levels of caspase-l, caspase-4 and caspase-5 (>0.02 arbitrary units) were higher than that of caspase-12 in the tissues examined. As shown in Table III , caspase-I and caspase-4 were expressed in most of the tissues examined. The expression levels of caspase-4, caspase-5 and probably caspase-12 in heart were significantly higher than those in other tissues (p<0.05). Of note, the highest expression of IL-I13 was found in vascular tissues , whereas the highest expressions of IL-18 and IL-33 were found in trachea (Fig. 2F ). The cardinal gene was expressed in every tissue examined; with the highest express ion in lymph nodes and trachea . The wide expres sion ofPYCARO (ASC) was found in blood, vascular tissues, brain , lymph nodes, pancre as, placenta, and trachea, while an inflammasome regulator COP 1 was limitedly expressed in bone marrow, spleen and thymus. placenta, and brain expressed more NLRs than internal tissues , including vascular system, bone marrow and heart, suggesting the sensing function of NLRs in these defense tissues for exogenous and endogenous PAMPs. In addition, many more types of NLR than TLR were expressed in bone marrow, suggesting the functional importance of NLRs in this tissue. Furthermore, vascular tissue and heart disproportionally expressed fewer type TLRs and NLRs than othertissues, sugges ting a relative "inflammation privilege" of these tissues against potenti al destruction mediated by inflammation and
Less tissues constitutively exp ress inflammasomes than those tissues in which the expression of infiammasomes can be induced
A previous report showed that in diseased vesse ls, the pattern of TLR expression is characterized by markedl y upregulated expression of TLR 1, TLR2, TLR4 , and TLR6 by endothelial cells and infiltrated macrophages (25) , suggesting PAMP-Rs could be unregulated in ECs. We examined a hypoth esis that inflamm asome expression profiles can be used in categorizing the examined tissues into three tiers. To test the hypothesis, we focused on the three well-characterized inflammasomes (24) : NALPI inflammasome , NALP3 inflammasome and IPAF inflammasome. The rationale to focus on three inflammasomes IPAF, NALPI and NALP3 was that the putative function of the majority of the 2 1 human NLRs and NLR-related genes in activating caspase-I has not been confirmed except for those three (26) . NALP I inflammasome consists of four components, NALP I, PYCARO (ASC)(2 7), 
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We then examined a hypothesis that the expressions of some TLRs, NLRs, caspases, inflammasome components and inflammatory cytokines IL-l~and IL-18 in vascular endothelial cells are inducible by inflammation stimuli. To test this hypothesis, we analyzed a gene microarray data set banked in the NCBI-Gene Expression Omnibus (GEO) Repository, in which the expression levels of these genes in human umbilical vein endothelial cells (HUVEC) in the absence or presence ofTNF-a for 5 hours can be compared. In Table V ,we calculated the gene expression change index using the expression levels of genes in TNF-a stimulated HUVEC over the expression levels of genes in unstimulated HUVEC control. As controls, the expression of house-keeping gene~-actin was not changed with a ration of 1.1, suggesting that the experiments of from Listeria M, Staphylococcus A. and Shigella F, etc. (29) ; IPAF inflammasome consists of three components, IPAF(30), NAIP and caspase-l, and functions to sense flagellin derived from Legionella P, Salmonella T., Pseudomonas A. and Shigella F (29) . Based on the tissue expression profiles of these components (Table IV) , three tiers of tissues can be categorized for these three inflammasomes. The first tier of tissues with constitutively expressed ("stand-by") inflammasomes included brain, blood, placenta and thymus. Blood, placenta and thymus, are functionally involved in innate and adaptive immune responses (Fig. 2C) . The second tier of tissues with potentially inducible expression of one inflammasome component included brain, blood, pancreas, vascular, lymph nodes, placenta, thymus, trachea and spleen. The third tier of tissues includes presumably inducible expression of at least two inflammasome components. These results suggest that more tissues adopt inducible expression status for inflammasomes. Of note, some tissues, for example, placenta, constitutively expresses NALPI inflammasome but may express inflammasomes NALP3 and IPAF in an inducible manner, which places this tissue into the classifications. The results may also suggest that different types of inflammasomes may play various roles in tissues. Protein   TLR1,TLR2, TLR4, TLR6, TLR8, TLR9, TLR10   TLR1, TLR2, TLR3, TLR4, TLR5, TLR6,TLR7,  TLR8   TLR1, TLR3,TLR4, TLR8, TLR10   TLR1,TLR2, TLR3, TLR4, TLR6,TLR8, TLR9   TLR1, TLR2, TLR3, TLR4,TLR5 caspase-I and caspase-5, and functions as primary mediator of susceptibility to anthrax lethal toxin (28) ; NALP3 inflammasome consists of three components, NALP3, PYCARD and caspase-l, and can sense various stimuli including anti-viral compounds R837 and R848, bacterial mRNA, gout-associated crystals, bacterial toxins derived RNA sampling and microarray were well-performed. Furthermore, to confirm the capability of TNF-a in activating endothelial cells (11) in this microarray, the change index of EC activation markers vascular cell adhesion molecule-1 (VCAM 1) and intercellular cell adhesion molecule-1 (ICAM1) were examined (Table V) , and they were upregulated 38.7-fo1d and 1904-fold, respectively. The results suggest that the HUVEC activation by TNF-a was well-performed, indicating that the data sets were qualified for our mining analysis.
Protein
The expressions ofTLR1,TLR3, TLR6 and TLR7 in HUVEC were upregulated by TNF-a stimulation by 1.3-, 1.3-, 104-and 3.8-fold, respectively, whereas the expressions ofTLR2 and TLR5 were unchanged «1.1 of the 13-actin change index). In addition, the expression of NALP I was slightly upregulated by 1.24-fold whereas the expressions of NALP2 and NALP3 were not upregulated (Table V) . Moreover, the expressions of caspase-I, caspase-4 and caspase-5 were not upregulated. Interestingly, the expressions of IL-I13 and IL-18 were significantly upregulated by 1.8-and 2A-fold, respectively, suggesting that the upregulation of inflammatory cytokine transcripts is an early event in endothelial cells in response to TNF-a stimulation. Since this set of data includes gene expression data before TNF-a stimulation and 5 hours after stimulation, the expression of other genes may possibly be (I) modulated by TNF-a in the longer stimulation time;
DISCUSSION
(2) mediated by signals derived from other signal pathways; and (3) cell-type specific signals. Future work is needed to determine the potential induction of inflammasome components with (a) more cell types of vascular cells including aortic endothelial cells, microvascular endothelial cells and vascular smooth muscle cells, (b) more inflammatory stimuli, and (c) longer stimulation time. 
# Change folds= the expression levels of gene in TNF-astimulated HUVEC over the expression levels of gene in unstimulated HUVEC control
Rs and inflammasomes has further emphasized the importance of proinflammatory cytokine IL-ls ignaling in bridging atherogenic risk factors to initiate inflammation (31) . However, constitutive expression levels and expression readiness ofPAMP-Rs, inflammasome components and proinflammatory caspases in tissues remained poorly defined. By analyzing cDNA cloning and DNA sequencing data from tissue cDNA libraries, we studied expression profiles of TLRs, NLRs, inflammasome components, inflammatory caspases,' and caspase-l cleavable inflammatory cytokines. Since this data is collected from cDNA cloning and DNA sequencing experiments, rather than theoretical data derived from computer modeling, the data require no further experimental verification. Since EST databases have been established based on precise DNA sequencing data, the data obtained by EST database mining are more precise in providing the tissue expression profiles of genes than traditional hybridization-and primer annealing-based approaches like Northern blots and RT-PCRs.
Upregulation of some inflammasome components and TLRs in~UVECs stimulated by TNF-a is just one example of showing that, in principle, the upregulation of inflammasomerelated gene expression is modulated potentially by inflammatory signals. Previous reports supported this finding and showed that several pathological conditions and signaling pathways modulate expression of TLRsINLRs/inflammasome/caspasel/IL-l~pathway. Firstly, systemic levels of TLR2 and TLR4 are higher in acute myocardial infarction patients than in stable angina patients and controls showing normal coronary angiogram (32) . However, our results show that TLR2 and TLR4 expressions were lower in vascular tissues and heart than in other tissues. Taken together, our and other results suggest that: 1) acute myocardial infarction-induced stress may upregulate TLR2 and TLR4 expressions in vascular tissues and heart; 2) stimulation via upregulated TLR2 and TLR4 are associated with progress of myocardial infarction. Secondly, murine endothelial cells express membrane TLR2 and respond to TLR2 ligands, but human endothelial cells normally will not respond unless they are first primed with inflammatory stimulation, which triggers translocation of TLR2 to the cell surface (33) . In addition to the posttranslational regulatory manner, our results show that TLR2 expression in vascular tissues is low, suggesting potential upregulation of TLR2 via a transcription manner in the tissues. Thirdly, PYCARD (ASC) is upregulated by various inflammatory cytokines including IL-I~, interferon-y (IFN-y), TNF-a, lipopolysaccharide (LPS) and Fas ligand (34) . The upregulated expression of the NALP3 inflammasome, due to gene polymorphisms, is associated with interleukin-l~production and severe inflammation (35) . Of note, upregulation of TLRs, NLRs, caspases and inflammasome components may not share the same pathways. Endothelial cells, after exposure to carbon monoxide, an ubiquitous environmental pollutant, undergo cell death with the characteristics of activation of caspase-l, but not caspase-3 (36) , probably via endogenous p53 pathway (37) . Unlike caspase-l, the expression of caspase-ll is LPSinducible and thus, it is reasonable to postulate that other members of the family are regulated at the transcriptional or translational level by extracellular stimuli (24) .
After analyzing the data from EST cDNA cloning and sequencing we made several important findings: 1) among 11 tissues examined, vascular tissues and heart express fewer types of TLRs and NLRs than immune system tissues including blood, lymph nodes, thymus and trachea; 2) brain, lymph nodes and thymus do not express proinflammatory cytokines IL-l f3 and IL-18 constitutively, suggesting that these two cytokines need to be upregulated in response to inflammatory stimuli in the tissues; and 3) based on the expression data of three characterized inflammasomes (NALPl, NALP3 and IPAF inflammasomes), the examined tissues can be classified into three tiers: the first tier tissues including, brain, placenta, blood and thymus, express inflammasome(s) in constitutive status; the second tier tissues have inflammasome(s) in nearly-ready expression status (with the requirement of upregulation of one component); the third tier tissues, like heart and bone marrow, require upregulation of at least two components in order to assemble functional inflammasomes. Based on the expression readiness of inflammasomes in tissues, we propose a new working model of three-tier responsive expression of inflammasomes in tissues and suggest a new concept of third tier tissue inflammation privilege, which provides an insight to the differences of tissues in initiating acute inflammation (Fig. 3) . This model suggests that (a) the first-tier tissues with constitutively expressed . inflammasomes initiate inflammation quicker than the second-tier and third-tier tissues; and (b) the second tier tissues (requiring one component upregulation), including vascular tissue, and the third tier tissues, including heart (requiring more than one component upregulation), are in an inducible expression status of inflammasomes. The inducible expressions of inflammasomes are presumably mediated through various signal pathways and the interplay between the signal pathways, which take longer and overcome a higher threshold than the first tier tissue in initiating inflammation. Traditional concept of immune privilege suggests a protective mechanism from autoimmune destruction based on no expression of antigen-presenting self-major compatibility complex (MHC) molecules in tissues (38) . No expression of self-MHCs in immune privilege tissues, including testis, results in failing to present self-antigens from these tissues to stimulate host immune system, thereby protecting immune privilege tissues from autoimmune destruction. Similarly, we propose a new concept of tissue inflammation privilege that emphasizes a protective mechanism against tissue destruction mediated by inflammasome/IL-I f3-based innate immune responses. Inthis new concept oftissue inflammation privilege, vascular tissue and heart disproportionally express fewer types of TLRs and NLRs and may only inducibly express inflammasomes, which can be explained by this "inflammation privilege" of the tissue against uncontrolled inflammation destruction mediated by inflammasome-based innate immune responses (39) . Our new concept and model may also explain the potential differences between cardiovascular tissues and other tissues in initiation of acute inflammation. The first-tier tissues may have a higher probability of acute inflammation than the second-tier and third-tier tissues. Future work is required to elucidate the specific roles of different tiers of tissue inflammasomes in vascular inflammation and atherogenesis and the regulatory signal pathways.
